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phological characters and their analysis in causal terms. The results, which were published later ( DELISLE 193 7, 193 8; GOODWIN 193 7; WETMORE and DELISLE 1939) were useful beginnings in this direction. Goodwin's study of Sotidago in the rosette stage was the first demonstration that the latest leaf in the rosette exerts an inhibiting effect upon the next in succession, comparable to the inhibiting effect exerted by a bud upon the next one below it.
Wetmore came to the experimental and analytical study of plant development via a natural ontogeny. In his own morphological and anatomical studies of the thirties and early forties, he combined a concern for internal structure and external form with the developmental origins of both, especially in the context of their comparative and evolutionary origins. Together with his close associate, I. W. Bailey, he had pursued teaching and research on anatomical matters, collaborated on the expansion of the Harvard Wood Collection, and developed a group of research students with strong comparative anatomical orientation with special concern for wood structure. These interests were evident in his published work and that of his students, as, for example, the comparative anatomical studies in the Moraceae by TIPPO (1938) . The seminal review by ESAU (1943) on primary vascular tissues provoked interest in the primary plant body and served as a stimulus for more intensive studies. Wetmore encouraged V. Cheadle to study specialization of vessels in the monocots (CHEADLE 1944), H. Miller to work out the anatomy of the embryo and seedling of Phlox (MILLER and WETMORE 1945, 1946) and A. Spurr to study the organization of Pinus (SPURR 1949) . HEIMSCH (1951) reflected Wetmore's influence in his studies on vascular tissues in barley roots as did GREENIDGE (1952) in his interests on vessel length and water movement in trees. His interest in the vascularization of the nonseed plants was evidenced by publications on Lycopodium (WETMORE 1943) and Equisetum ( GOLUB and WETMORE 1948) .
The beginnings of modern plant morphogenetic studies
World War II naturally brought about a dislocation of graduate work. Then in 1945 faculty and students alike returned to the universities and to the research problems whose resolutions had gone unheeded during the war years. New recruits joined the veterans in reexamining the classic problems, trying novel approaches, more drastic methods, and working with new techniques. In plant development, a new assault was made on the age-old problem of what the nature and origin of plant organization are. The word "morphogenesis" became a touchstone, and attention focused on the shoot apex and its well-concealed secrets of organogenesis.
The work of Wetmore and his students thus naturally shifted from the descriptive analyses of plant embryos or embryonic shoot apices of lower and higher vascular plants to experimental manipulation of these same structures. E. Ball, appointed to the staff at Harvard after a postdoctoral fellowship in E. Sinnott's laboratory at Yale, had audaciously cut living shoot apices of Lupinus and Trozpaeolum transversely into 500-segments and attempted to grow them in sterile culture with some success. He had found that the apical dome together with the youngest leaf primordia would grow into a whole plant if explanted onto a relatively simple nutrient medium, whereas subjacent cubes cut from the apex formed only callus (BALL 1946 It is interesting to attempt to trace the lines of research at Harvard which followed (and preceded) these studies focusing on the shoot apical meristem and its morphogenetic capacities. Several clear directions of study are apparent in retrospect. A continuing preoccupation with auxin physiology in the shoot apex was inevitable due to the proximity and continuous interchange with Wetmore's colleague at Harvard, K. V. Thimann. Collaborative work on the auxin relations in shoot and leaf development had preceded the apical meristem culture work. Wetmore and Gunckel published an interesting comparative morphological study on the short and long shoots of Ginkgo ( GUNCKEL and WETMORE 1946a, 1946b ). Later, this was extended with Thimann into a physiological investigation of the auxin relations of these two kinds of shoots (GUNCKEL and THIMANN 1949; GUNCKEL, THIMANN, and WETMORE 1949). Here the analogy was developed between the short shoot of Ginkgo, which unfolds but does not elongate, and the inhibited lateral bud of a dicot, which does not even unfold. The latter system was explored from an anatomical point of view by Wetmore's student R. GARRISON (1949) . Both axillary short shoots and axillary buds develop into long shoots after removal of the terminal buds. Some years afterward, Wetmore directed P. Titman in a comparable study of the long shoots and singleleaved short shoots of Cercidiphyllum (TITMAN and WETMORE 1955) in which a similar attempt was made to correlate the behavior with auxin relations. As in Ginkgo, it appears that the short shoots are kept short by auxin coming from the meristem; that is, in both these plants, apical dominance is exerted on bud elongation, but not on leaf unfolding. Also, as in Ginkgo, the yields of auxin diffusing from short and long shoots were the same when the buds first opened, but soon fell to zero in the short shoot while increasing in the long shoot during its whole elongation phase. A direct attack on the hormone content and synthesis in the apical meristem itself was never made. Closest to it were the determinations of diffusible auxin in developing leaves of Coleus made by WETMORE and JACOBS (1953) but carried out more in the context of leaf development and abscission than in the relationship of leaves to their origin at the apex.
The experimental work on xylem differentiation can be traced directly from the ideas about the apical meristem and young leaf primordia as possible sources of hormones, especially of the auxin type. 
